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CLEAN COPY OF CLAIMS IN ACCORDANCE WITH 37 CFR 1.121 



1. A process for improvirm optical interactance measurements comprising the steps of: 
passing illuiranation along a plurality of different transmission paths 
through an interior portion of a material having a characteristic to be measured, 
said material having aVurface; 

defining each of said transmission paths by each transmission path 
optically transmissiveMconnecting corresponding and separated surface areas on 
the surface of said material, one of said corresponding and separated surface areas 
optically transmissively Connected to a first of said corresponding and separated 
areas for passing transmitted illumination into said material as a beginning of a 



first transmission path anc 



areas optically transmissiv sly connected to a second of said corresponding and 



separated areas for passing 
detection as an end of the 



said paths, the total circum 
being substantially greater 



a second of said corresponding and separated surface 



transmitted illumination from said material for 
rst transmission path at said second of said 
corresponding and separate i areas, at least one of said corresponding and 
separated surface areas of e ich of said transmission paths being extended in 
length as a ring shape or sli shape on said surface at substantially constant 
spacing from the other corresponding and separated surface area of said each of 



if irential length of said ring or length of said slit shape 
t lan the mean distance separating said corresponding 
and separated surface areasjdefining each of said transmission paths; 

sensing a plurality* independent signals developed ait the same time or in 
rapid sequence representee optical information obtained from a spectrum related 
to analytes and interferences within said material in response to said illumination 
passing along different transmission paths, each signal corresponding to a 
particular transmission path; and 
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a. 



processing and combining said signals in accordance with appropriate 
chemometricjypdeling techniques and determination of model parameters during 
the calibration process to determine qualitative characteristics of the material. 



6. A n^pthod for improving optical interactance measurements comprising 
the steps of: 

passing Illumination along a plurality of different transmission paths 
through an interior portion of a material having a characteristic to be measured, 
said material ha\ing a surface; 

defining each of said paths by transmission path optically transmissively 
connecting corresponding and separated surface areas on said surface of said 
material, one of said surface areas optically transmissively connected to a first of 
said corresponding and separated areas for passing illumination into said material 
and the second of said surface areas optically transmissively connected to a 
second of said corresponding and separated areas for passing transmitted 
illumination from saifl material for detection, at least one of said surface areas of 
each of said paths having a dimension with a total length being extended in length 
at substantially constant spacing from a similar dimension of the other surface 
area of said each of saifi paths, the total length of said extended surface area of 
each of said paths being substantially greater than the distance separating said 
corresponding and separated surface areas defining each of said paths; 

providing optical directionality for radiation passing through at least one 
of said extended surfacelareas by orienting the optical axes at the respective probe 
surface area at an angle with respect to the surface of said material and generally 
towards the said corrsfCfnding and separated surface area on said material; 



sensing a pluraht 



rapid sequence represent ng optical information obtained from within said 



material in response to s; 
independent signal corre 



/ of independent signals developed at the same time or in 



id illumination passing along said different paths, each 
ponding to a particular path, and 
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^ J£ i processiimiai 
^ techniques to det*mi 



processii*/aid signals in accordance with appropriate modeling 
techniques to det*mine qualitative or quantitative characteristics of the material. 



7. Apparatus for optical interactance measurements of an interior portion 

of a material having a surface, said measurements being effected by passing 

illumination throbgh portions of the material, said apparatus comprising: 

apertures ror defining corresponding and separated surface areas on said 

surface of said material for defining each of a plurality of transmission paths 

through an interior portion of said material, one of said corresponding and 

separated surface areas on the surface of said material optically transmissively 

connected to a first ofWd corresponding and separated areas for passing 

illumination into said material as beginning of a first transmission path and the 

second of said corresponding and separated surface areas on the surface of said 

material optically transmissively connected to a second of said corresponding and 

separated areas for passing illumination from said material for detection as an end 

of the first transmission path, at least one of said corresponding and separated 

surface areas of each of said transmission paths having a dimension that is 

extended in length as a ring shape or slit shape on said surface of said material 

and said at least one of saia corresponding and separated surface areas being 

substantially constantly spaied from its corresponding surface area, the total 

length of a circumference oflsaid ring shape or length of slit shape area of each of 

said transmission paths being substantially greater than the mean distance 

separating said corresponding and separated surface areas on said surface of said 

material defining said each onsaid transmission paths; 

illuminator for directifefcllumination onto said illumination surface areas 

and along said transmission jliths; 

I * 
sensor for sensing optical information indicative of said interior portion of 



said material developed by ill 
said detection surface areas o 



mination passing along said transmission paths to 
said transmission paths; 
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v 



signaler responsive to said sensing means, for developing a plurality of 
independent signals corresponding in number to said plurality of transmission 
paths, each of laid signals representing said optical information obtained in a 
spectrum relatad to analytes and interferences within said material; and 

processjr for combining and processing said signals in accordance with 
appropnate cMBtnometric modeling techniques and determination of model 
parameters durifcg the calibration process to determine quantitative or qualitative 
characteristics cl said material. 



33. Amethod for improving optical interactance measurements 
comprising th\ steps of: 

passingYllumination along a plurality of different transmssion paths 
through an interior portion of a material having a characteristic to be measured, 
said material having a surface; 

defining eaqa of said paths by corresponding and separated surface areas 
on said surface of saiti material, one of said corresponding and separated surface 
areas optically transmrcsively connected to a first of said corresponding and 
separated areas for passing transmitted illumination into said material as a first 
transmission path and a aecond of said corresponding and separated surface areas 
on the surface of said material optically transmissively connected to a second of 
said corresponding and separated areas for passing transmitted illumination from 
said material for detection as an end to said first path, at least one of said 
corresponding and separated surface areas of each of said transmission paths 
having a dimension that is extended in total length as a circumference of a ring or 
a length of a slit at substantially constant spacing from the other corresponding 
and separated surface area of laid each of said transmission paths, the total length 
of the circumference of the/jif or length of the slit of said extended surface area 
of said each of said transmissidh paths being substantially greater than the mean 
distance separating said corresj onding and separated surface areas defining each 
of said transmission paths, the < xtended surface area of one of said transmission 
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paths being contained within a boundary defined by an extended surface area of 
another of said transmission paths; 

sensingla plurality of independent signals developed at the same time or in 
rapid sequence representing optical information obtained from within said 
material in response to said illumination passing along different transmission 
paths, each independent signal corresponding to a particular [paths] transmission 
path; and 

processinihftnd combining said signals in accordance with appropriate 
chemometric nroleling techniques to determine qualitative characteristics of the 
material. 



36. /tpparatus for optical interactance measurements of an interior 
portion of a maerial having a surface, said measurements being effected by 
passing illumination along a plurality of different transmission paths through an 
interior portion of the material having a characteristic to be measured, comprising: 
an apertureloperative to define each of said different transmission paths by 
corresponding and separated surface areas on said surface of said material, one of 
said corresponding arid separated surface areas areas optically transmissively 
connected to a first oilsaid corresponding and separated areas for passing 
illumination into said material and a second of said corresponding and separated 
surface areas on the suraace of said material optically transmissively connected to 
a second of said corresponding and separated areas for passing illumination from 
said material for detection, at least one of said corresponding and separated 
surface areas of each of slid transmission paths being extended in length as a 
circumference of a ring shape or length of a slit shape at substantially constant 
spacing from one other cor responding surface area, the total length of said 



circumference of said ri 



;hape or length of said slit shape area of each of said 
transmission paths being'si bstantially greater than the distance separating said 
corresponding and separate i surface areas defining each of said paths, an 
extended surface area in th : shape of a ring or slit of one of said paths being 
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contained within a boundary defined by a surface area in the shape of a ring shape 
or slit shapaof another of said paths and being substantially surrounded by the 
extended sunface area of said another of said paths; 

illuminator for directing illumination onto said illumination surface areas 
and along sai^ transmission paths; 

sensor lor sensing optical information indicative of said material 
developed by illumination passing along said transmission paths to said detection 
surface areas 01 said transmission paths; 

signalerlresponsive to said sensing means, for developing a plurality of 
independent signals corresponding in number to said plurality of transmission 
paths, said sign^s representing said optical information obtained from within said 
material; and 

proces$lfor processing and combining said signals in accordance with 
appropriate chenlometric modeling techniques to determine quantitative or 
qualitative characteristics of said material. 



/ ^ 0. The apparatus of claim 7 wherein said aperture means are operative to 
define said illumination and sensing areas for at least one of said paths to be on 
opposite surfaces of said material. 



f>7 



jrf. A method for improving optical interactance measurements 
comprising the steps of: 

passing illumination along at least one transmission path through an 
interior portion of a material having a characteristic to be measured, said material 
having a surface; 

defining said at least one path by transmission path optically 
transmissively connecting corresponding and separated surface areas on said 
surface of said material, one of said surface areas optically transmissively 
connected to a first of said corresponding and separated areas for passing 



p 
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illumination into said material and the second of said surface areas optically 
transmissively connected to a second of said corresponding and separated areas 
for passing transmitted illumination from said material for detection, at least one 
of said surface areas of said at least one path having a dimension with a total 
length being extended in length at substantially constant spacing from a similar 
dimension of the other surface area of said at least one path, the total length of 
said extended surface area of said at least one path being substantially greater than . 
the distance separating said corresponding and separated surface areas defining 
said at least one path; 

providing optical directionality for radiation passing through at least one 
of said extended surface areas by orienting the optical axes at the respective probe 
surface area at an angle with respect to the surface of said material and generally 
towards the said corresponding and separated surface area on said material; 

sensing a plurality of independent signals developed at the same time or in 
rapid sequence representing optical information obtained from within said 
material in response to said illumination passing along said at least one path, each 
independent signal corresponding to a particular path, and 

processing said signals in accordance with appropriate modeling 
techniques to determine qualitative or quantitative characteristics of the material. 



